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(54) Very low-density cement slurry 

(57) A cement slurry having a density between 750 
kg/m 3 and 1 ,000 kg/m 3 , comprising a solid fraction com- 
prising: either 

75% - 90% (by volume) of lightweight particles having 
a mean particle size between 10 and 60 u.m; 
10% - 25% (by volume) of Portland cement having a 
mean particle size of between 10 and 50 |im, or micro- 
cement having a mean particle size between 0.5 and 5 
nm; 
or: 

20% - 50% (by volume) of lightweight particles having 
a mean particle size between 10 and 60 u,m; 



10% - 25% (by volume) of Portland cement having a 
mean particle size of between 10 and 50 uin, or micro- 
cement having a mean particle size between 0.5 and 5 
um; 

35% - 65% (by volume) of lightweight particles having 
a mean particle size between 100 and 200 urn; and 
a liquid fraction present in an amount of 37% - 50% (by 
volume) of the total volume. Such cements have re- 
markable mechanical properties due to their very low 
porosity in spite of having very low density. 
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Description 

[0001] The present invention relates to cement slurries for use in oil wells, gas wells, water wells, geothermal wells, 
and the like. More precisely, the invention relates to such cement slurries having low density and low porosity. 
5 [0002] After a well such as an oil well has been drilled, casing is typically lowered into the well and is cemented over 
all or part of its height. This serves in particular to eliminate any fluid interchange between the various formation layers 
through which the well extends, for example preventing gas from rising via the annulus surrounding the casing, or 
limiting ingress of water into a hydrocarbon-producing well. Another objective of cementing is to consolidate the well 
and to protect the casing. 

10 [0003] While it is being prepared and then injected into the well and placed in the zone that is to be cemented, a 
cement slurry must present relatively low viscosity and have effectively constant rheological properties. Once it is in 
place, an ideal cement rapidly develops high compressive strength. 

[0004] It is desirable to adjust the density of the cement such that the pressure exerted by the cement on the formation 

at the bottom of the well compensates at least for the formation pore fluid pressure so as to avoid any risk of influxes. 
15 The upper limit of hydrostatic pressure generated by the column of cement plus the head losses due to the circulation 

of the fluids being pumped must remain below the fracturing pressure of the rocks in the section being cemented. 

Certain geological formations are very fragile and require densities lower to that of water to avoid such fracturing. 

[0005] Since the risk of influx diminishes with column height, the density required for compensating pore pressure 

can be lower if a large column height is used. Furthermore, cementing over a large height is advantageous since that 
20 makes it possible to reduce the number of sections that must be cemented. 

[0006] All of these factors favor the use of cement slurries of low density. 

[0007] Cement slurries in the most widespread use for oil and gas wells have densities of about 1900 kg/m 3 , about 
twice the density desired to avoid fracturing certain deposits. To produce lighter (less dense) slurries, the simplest 
known technique is to produce an extended slurry in which the quantity of water is increased compared to a normal 

25 slurry while adding stabilizing additives (known as "extenders") to the slurry for the purpose of avoiding settling of 
particulate materials and/or formation of free water at the surface of the slurry. Such a technique, however, cannot be 
used to produce a slurry with a density close to 1 000 kg/m 3 . Furthermore, hardened cements formed from such slurries 
have greatly reduced compressive strength, a high degree of permeability, and poor adhesive capacity. For these 
reasons, the technique cannot be used to produce slurries effectively below densities of about 1300 kg/m 3 while still 

30 retaining good zonal isolation and providing sufficient reinforcement for the casing. 

[0008] Another known technique consists in lightening the cement slurry by injecting gas (generally air or nitrogen) 
into the slurry before it sets to create a foam. The quantity of air or nitrogen added is adjusted to reach the required 
slurry density. This technique provides performance that is a little better than extended slurries described above since 
the density of gas is lower than that of water, so less needs to be added. Nevertheless, in oil industry applications, 

35 densities remain limited in practice to greater than 1 1 00 kg/m 3 , even when starting with slurries that have already been 
lightened with water. Above a certain "quality of foam", i.e. a certain ratio of gas volume to volume of the foamed slurry, 
the stability of the foam falls off rapidly, the compression strength of the set cement becomes too low, and its permeability 
becomes too high, thereby compromising durability, especially in a hot aqueous medium which includes ions that are 
aggressive to a greater or lesser extent for cement as is commonly found in oil or gas wells. 

40 [0009] It has been previously proposed to incorporate glass or ceramic beads or spheres into cement slurries for 
various reasons. US 5,571 ,31 8 proposes including ceramic beads in a cement slurry for fluid loss control. US 3,804,058 
proposes the use of glass microspheres in size ranges of 60 - 325 micron and <40 - >250 micron to produce low density 
slurries. WO 00/29359 proposes the use of cenospheres of mean particle size in the 120-150 micron range for use 
in slurries for low temperature or deep water wells. None of these proposals describes slurries having a density less 

45 than water. 

[0010] International Patent Application No. PCT/EP00/06459 discloses a low density slurry having a density lying in 
the range 0.9 g/cm 3 to 1 .3 g/cm 3 , and being constituted by a solid fraction and a liquid fraction, having porosity (volume 
ratio of liquid fraction over solid fraction) lying in the range 38% to 50%, said solid fraction comprising : 60% to 90% 
(by volume) of lightweight particles having a mean size lying in the range 20 microns (um) to 350 urn; 1 0% to 30% (by 
so volume) of micro-cement having a mean particle diameter lying in the range 0.5 urn to 5 um; 0 to 20% (by volume) of 
Portland cement, having particles with a mean diameter lying in the range 20 urn to 50 urn; and 0 to 30% (by volume) 
of gypsum. 

[0011] An object of the present invention is to provide cement slurries having both low density and low porosity, and 
that are obtained without introducing gas. 
55 [001 2] The present invention provides a cement slurry having a density between 750 kg/m 3 and 1 000 kg/m 3 , com- 
prising a liquid fraction present in an amount of 37% - 50% (by volume) of the total volume, and a solid fraction com- 
prising a cement component and a lightweight particle component including particles having a mean particle size be- 
tween 10 and 60 urn. 
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[001 3] The solid fraction can be present as either a bimodal mixture or a trimodal mixture. In bimodal form, the solids 
fraction comprises: 

75% - 90% (by volume) of lightweight particles having a mean particle size between 10 and 60 jim; 
5 1 o% - 25% (by volume) of Portland cement having a mean particle size of between 1 0 and 50 utn, or micro-cement 

having a mean particle size between 0.5 and 5 urn 

[0014] In trimodal form, the solids fraction comprises: 

io 20% - 50% (by volume) of lightweight particles having a mean particle size between 1 0 and 60 urn; 

1 0% - 25% (by volume) of Portland cement having a mean particle size of between 1 0 and 50 jim, or micro-cement 
having a mean particle size between 0.5 and 5 iim; 

35% - 65% (by volume) of lightweight particles having a mean particle size between 100 and 200 urn 

15 [0015] The lightweight particles having a mean particle size between 10 and 60 \im are preferably glass micro- 
spheres having a density of less than 500 kg/m 3 for example 380 kg/m 3 . A particularly preferred material has a mean 
particle size higher than 25 nm. 

[0016] Low porosities are achieved by the use of a ratio of the liquid phase to the solid phase of less than 50%, 
preferably less than 45% to optimise mechanical properties and permeability. By providing mechanical properties that 

20 are much better than those of conventional lightened systems, and permeabilities that are lower, the leakproof ing and 
adhesion properties of ultralightweight cement and the resistance of such formulations to chemical attack are thus 
much better than with the systems presently in use for low densities, even though the invention makes it possible to 
reach densities that are exceptionally low, and in particular that are significantly lower than the density of water. In 
addition, slurries of the invention do not require the use of gas, thus making it possible to avoid the logistical problems 

25 that would otherwise be required for manufacturing foamed cements. 

[001 7] The method of the invention is characterized in that particulate additives are incorporated in the cement slurry, 
such that in combination with one another and with the other particulate components of the slurry, and in particular 
with the particles of cement, micro-cement (or comparable hydraulic binder), they give rise to a grain-size distribution 
that significantly alters the properties of the slurry. The particulate additives can be organic or inorganic and are par- 

30 ticularly selected for their low density. 

[001 8] The low density is obtained by combining lightweight particles and cement (or a comparable hydraulic binder). 
Suitable rheological and mechanical properties are obtained by selecting the size and the volume distribution of the 
particles in such a manner as to maximize the compactness of the solid mixture. 

[0019] For a solid mixture having two components (the lightweight particles and the cement/micro-cement), this 
35 maximum compactness is generally obtained for a volume ratio of lightweight particles to cement lying in the range 
70:30 to 85:1 5, and preferably in the range 75:25 to 80:20, when using a micro-cement and lightweight particles selected 
to be of a size that is at least 10 times the size of the particles of micro-cement. These values can vary, particularly 
depending on the dispersion of the grain-size distribution of the lightweight particles. Particles having a mean size of 
30 microns can be used with a micro-cement in a ratio (by volume) of about 85:15 which permits densities of the order 
40 of 850 to 880 kg/m 3 to be obtained (depending on the ratio of liquid to solid). 

[0020] The term •micro-cement - is used in the invention to designate any hydraulic binder made up of particles of 
mean size of about 3 u.m and including no, or at least no significant number of, particles of size greater than 15 \im. 
Such materials have a specific surface area per unit weight as determined by the air permeability test that is generally 
about 0.8 m 2 /g. 

45 [0021] The micro-cement can essentially be constituted by Portland cement, in particular a class G Portland cement 
typically comprising about 65% lime, 22% silica, 4% alumina, 4% iron oxides, and less than 1% manganese oxide, or 
equally well by a mixture of Portland micro-cement with microslag, i.e. a mixture making use essentially of compositions 
made from clinker comprising 45% lime, 30% silica, 10% alumina, 1% iron oxides and 5% to 6% manganese oxide 
(only the principal oxides are mentioned here; and these concentrations can naturally vary slightly as a function of the 

so supplier). For very low temperature applications (< 30°C), Portland micro-cement is preferable over a mixture of micro- 
cement and slag because of its reactivity. 

[0022] The lightweight particles typically have density of less than 1 g/cm 3 , and generally less than 0.7 g/cm 3 It is 
possible to use synthetic materials such as hollow glass beads, and more particularly preferred are beads of sodium- 
calcium-borosilicate glass presenting high compression strength or indeed microspheres of a ceramic, e.g. of the silica- 
55 alumina type. These lightweight particles can also be particles of a plastics material such as beads of polypropylene. 
It is also possible to use hollow microspheres, in particular of silico-aluminate, known as cenospheres, a residue that 
is obtained from burning coal and having a mean diameter of about 150 urn 

[0023] In general, the density of the slurry is adjusted essentially as a function of which lightweight particles are 
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in the well, unlike foamed slurnes where disp ersants, 

analogy with bags of cement as oeing a u y 
(/) of additive per kg of mixture. 
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(0 of additive per kg of mixture. mean 
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[00 301 The slurry was foamed with a quant* of foam of 50% so as 
kg/m 3 . 
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(continued) 



Slurry 


A 


B 


C 


D 


Porosity 


42% 


42% 


42% 


78%* 


PV 


73 


62 


68 




Ty 


3(6) 


2.5 (5) 


3(6) 




Permeability 


<5jiD 


<5nD 


<5jiD 


>10mD 


CS 


2.8 (410) 


8.2(1200) 


5.5 (800) 


4.6 (670) 



[0031] The densities are expressed in kg/m 3 (and in pounds per gallon In parentheses). Rheology is expressed by 
a flow threshold Ty in Pascals (and in pounds per 100 square feet in parentheses), and by plastic viscosity in mPa.s 
or centipoise, using the Bingham fluid model. These parameters were determined at ambient temperature. CS means 
compressive strength after 4 days for cement set at ambient temperature and pressure, and it is expressed in MPa 
(and in pounds per square inches in parentheses). 

[0032] * In this case, porosity was calculated as volume of gas + water over total volume of the slurry. 
[0033] It can be seen that for the slurries prepared in accordance with the invention, compressive strength is partic- 
ularly high for densities that are so low and that these slurries present excellent rheology in spite of their low porosity. 



Claims 



25 1. A cement slurry having a density between 750 kg/m 3 and 1000 kg/m 3 , comprising a liquid fraction present in an 
amount of 37% - 50% (by volume) of the total volume, and a solid fraction comprising a cement component and 
a lightweight particle component including particles having a mean particle size between 10 and 60 urn. 



30 



2. A cement slurry as claimed in claim 1 , wherein the solid fraction comprises: 

75% - 90% (by volume) of lightweight particles having a mean particle size above 15 *im; and 
10% - 25% (by volume) of Portland cement having a mean particle size of between 10 and 50 urn, or micro- 
cement having a mean particle size between 0.5 and 5 urn. 

3. A cement slurry as claimed in claim 1 , wherein the solid fraction comprises: 

20% - 50% (by volume) of lightweight particles having a mean particle size between 10 and 60 jim; 
10% - 25% (by volume) of Portland cement having a mean particle size of between 10 and 50 \ur\, or micro- 
cement having a mean particle size between 0.5 and 5 \im; and 
^ 35% - 65% (by volume) of lightweight particles having a mean particle size between 100 and 200 urn. 

4. A cement slurry as claimed in claim 3, wherein the lightweight particles having a mean particle size between 1 00 
and 200 *im have a density not greater than 1 ,000 kg/m 3 . 
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5. A cement slurry as claimed in claim 4, wherein the lightweight particles having a mean particle size between 1 00 
and 200 *im have a density not greater than 700 kg/m 3 . 

6. A cement slurry as claimed in claim 3, 4 or 5, wherein the lightweight particles having a mean particle size between 
1 00 and 200 fxm comprise cenospheres. 

7. A cement slurry as claimed in any preceding claims, wherein the cement component comprises a micro-cement 
having a mean particle size not greater than 3 microns. 

8. A cement slurry as claimed in claim 7, wherein the solid fraction comprises lightweight particles having a mean 
particle size that is at least ten times that of the micro-cement. 

9. A cement slurry as claimed in any preceding claim wherein the lightweight particles having a mean particle size 
between 1 0 and 60 jim have a density of not more than 500 kg/m 3 . 



5 



EP 1236 701 A1 

art 60 iuti hav« a am* of awul 380 KjW. 

10 volume) of the total volume. 



13, « ™» w -- glass microspheres. 



between . _ 



20 



25 



30 



35 



40 



45 



50 



55 



EP 1 236 701 A1 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 01 40 0405 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with In d icat i on, where appropriate, 
ot relevant pa ssa g es 



Relevant 
todalm 



CLASSIFICATION OF THE 
APPLICATION (lm.g.7) 



US 3 902 911 A (MESSENGER JOSEPH U) 
2 September 1975 (1975-09-02) 

* column 2, line 38 - line 69; claims 
4,10; tables I, II * 

US 3 844 351 A (SUTTON 0 ET AL) 
29 October 1974 (1974-10-29) 

* column 4, paragraph 3; claim 10; table I 
* 

GB 2 027 687 A (STANDARD OIL CO) 
27 February 1980 (1980-02-27) 

* page 7, line 9 - line 58; table II * 

EP 0 814 067 A (S0FITECH NV) 
29 December 1997 (1997-12-29) 

* examples 2,4 * 



1-5 



1.4,14 



1-5 



1,14 



C04B28/04 



TECHNICAL FIELDS 
SEARCHED (lnt.a.7) 



C04B 



The present search report has been drawn up (or all claims 



MUNICH 



Date of completion of the search 

10 December 2001 



Examiner 

Rauscher, M 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken atone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written dtedosure 
P : Intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document dted In the application 
L : document cited for other reasons 



& : member of the same patent family, corresoondng 
document 



7 



EP 1236 701 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

on European Stent application no. 



EP 01 40 0405 



Patent doeumant 
cltadtnsaarchraport 



US 3902911 
US 3844351 



Publication 
data 

02-09-1975 



GB 2027687 



29-10-1974 
27-02-1980 



US 
NONE 



EP 0B14067 



29-12-1997 



US 

AU 

AU 

BR 

CA 

DE 

EG 

FR 

IT 

MX 

NL 

NO 

RO 

US 



FR 
BR 
CA 
EP 
NO 
US 



Patanttamlly 
memban;s) 

3804058 A 



4252193 A 
524956 B2 
4961879 A 
7905034 A 
1126300 Al 
2932203 Al 
14041 A 
2439169 Al 
1120490 B 
152715 
7906030 
792587 

78647 Al 
4305758 A 



A 
A 
A 



ol Information. 

10-12-2001 



2749844 Al 
9703615 A 
2207885 Al 
0814067 Al 
972799 A 
6060535 A 



Publication 



16-04-1974 



24-02-1981 
14-10-1982 
14-02-1980 
22-04-1980 
22-06-1982 
21-02-1980 
30-09-1983 
16-05-1980 

26- 03-1986 
21-10-1985 
12-02-1980 
11-02-1980 
24-03-1982 
15-12-1981 

19-12-1997 

27- 11-2001 

18- 12-1997 
29-12-1997 

19- 12-1997 
09-05-2000 



o ~ " " .w*rnai of thft Europw Patent Offlc*. No. 12/82 

g Fo, mor. oralis about thli anrwx sm OttfcW Joum* ot tun*™ 



8 



